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ABSTRACT 


The  principle  of  the  differential  leak  detector  is  explained* 
With  a differential  Pirnr.i  gauge  detector  located  on  the  backing 
side  uf  a diffusion  pump,  v/hcro  the  average  pressure  was  15  microns 
Hg,  i the  "noise  level"  of  pressure  fluctuations  registered  by  the 
galvanometer  in  the  detect or  control  circuit  v/as  seven  times  less 
than  that  registered  by  a single  I'irani  gauge.  The  minimum  air 
pressure  change  which  could  be  detected  by  the  differential 
arrangement  \n\a  10“5ran.  Hg,,  With  the  optimum  leak  hunting  con- 
ditions employed  here,  this  corresponds  to  a leok  on  the  high 
vacuum  side  of  about  10”3  lusecs. 
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Introduction 


The  sensitivity  of  a single  Pirani  gauge  os  a look 
detector  in  a continuously  evacuated  system  is  limited  by  the 
presence  of  a "noise  level"  due  to  pressure  fluctuations 
superimposed  on  the  mean  gas  pressure  in  the  system*  The 
amplitude  of  these  fluctuations  may  he  from  IC^s?  to  3C$e  of  the 
mean  pressure*  As  a means  of  overcoming  this  limitation* 

Jacobs  and  Zuhr  (Reference  1)  suggested  that  a differential 
Pirani  gauge  look  detector  oould  he  used*  The  experiments 
described  below  were  carried  out  in  order  to  explore  the 
possibilities  of  this  type  of  leak  detector. 

Principle  of  the  Differential  Leak  Detector 

Two  Firar.i  gauges  with  identical  characteristics  have 
their  filamonts  conncctod  in  adjacent  arms  of  a Wheatstone 
bridge  which  is  balanced*  If  the  two  gauges  are  connected 
to  the  same  point  in  a vacuum  system,  pressure  fluctuations 
in  the  system  /ill  affect  each  gauge  equally  and  the  bridge 
will  remain  balanced*  Further,  if  a rofrigerated  trap  is 
interposed  between  the  vacuum  system  and  one  of  the  gauges, 
then  when  a leak  is  probed  with  a condensable  vapour,  the 
latter  will  only  be  able  o make  its  %/ay  into  the  untrapped 
gauge  and  there  will  be  a differential  change  in  the  indication 
of  the  two  gauges. 

A suitable  condensible  probe  gas  must  have  a vapour  pressure 
of  about  1 atmosphere  at  room  temperature  and  a negligible 
vapour  pressure  at  the  temperature  of  the  refrigerated  trap. 

There  are  several  vapours  which  fulfil  these  requirements  but 
they  suffer  from  the  disadvantage  ox  either  being  toxic  or 
producing  on  explosive  mixture  in  the  atmosphere.  with  these 
objections  in  mind  it  was  suggested  by  Blears  (Reference  2) 
that  rather  than  use  a condensable  probe  gas  it  might  be 
possible  to  use  a gae  which  could  be  chemically  absorbed  by  a 
suitable  substance  placed  inside  the  vacuum  system.  Carbon 
dioxide  has  a vapour  pressure  of  more  than  one  atmosphere  at 
room  temperature  and  is  readily  absorbed  by  soda  lame,  which 
has  a vapour  pressure  lew  enough  to  permit  it  being  used  in  a 
high  vacuum  system* 

In  the  experiments  reported  here,  carbon  dioxide  was  used 
as  the  probe  gas  and  "Caibosoxb"  (soda  lime)  as  the  absorbent* 

Apparatus 

(1)  Vacuum  system 

The  differential  Pirani  gauge  detector  is  shown  in 
Figure  1*  The  body  was  made  from  two  A.E.R.E.  standard 
right  angle  vacuum  unions  and  one  vacuum  tee-piece. 

The  right  angle  union  which  held  the  "untrapped"  gauge  was 
soft  soldered  to  the  tee-pioce  while  the  other  right  angle 
union  which  fitted  the  "trapped"  gauge  was  made  demountable 
so  that  it  could  be  conveniently  recharged  with  soda  lime 
if  necessary.  The  body  of  this  second  right  angle  union 
%/as  filled  vdth  soda  lime  granules  (14  to  20  mesh)  which 
were  maintained  in  position  by  piocos  of  wire  gauso. 

The  convict e vacuum  syston  is  shown  in  Figure  2* 

The  leak  detector  was  teed  into  the  lino  between  two  oil 
diffusion  pumps  ("Metrovac"  type  03B  and  02)  and  a single 
Pirani  gauge  for  absolute  pressure  measurement  was  also 


oonnootod  into  this  lino.  The  backing  3paao  volume, 
i,o,  tha  volume  from  the  top  jet  of  the  03B  pump  to  the 
top  jet  of  the  02  punp,  waa  estimated  at  one  litre  so 
that  for  optimum  leak  hunting  conditions  the  effective 
pumping  speed  at  the  leak  detector  should  be  0,1  litres/ 
second  (Reference  3).  In  order  to  reduce  the  speed 
to  this  value,  a suitable  length  of  eoppor  tube 

was  connected  between  the  02  pump  and  the  look  detector, 

Tho  high  vacuum  sido  of  the  system  consisted  of  a 10  litre 
oapaoity  vossol  and  a noedlo  volvo  by  means  of  which  various 
leaks  could  be  set, 

(2)  Control  circuit 


The  circuit  diagram  is  given  in  Figure  3,  From  a 
batch,  of  iw  lvu  Mctropolitan-Vickers  Pirani  gauges  'which 
had  been  individually  calibrated  against  a MoLecd  gauge, 
the  two  vrth  the  most  nearly  identical  characteristics 
wer>’  chosen  to  form  the  leak  detector.  Their  filaments, 
narked  Pirani  A and  Pirani  B in  Figure  3 , were  connected 
in  adjaaent  arms  of  a Wheatstone  bridge  as  shown,  pirani 
B was  known  to  be  the  more  sensitive  of  tho  two  and  was 
therefore  shunted  by  a 150  ohm  fixed  resistor  and  a 5K,ohm 
potent ionk.t  r Rl , By  suitable  adjustment  of  Rl  , the 
sensitivity  of  the  two  gauges  could  be  made  equal.  One 
of  the  two  fixed  arms  of  the  bridge  was  also  shunted  as 
shown  so  that  by  adjustment  of  R2,  the  resistances  of 
these  to  o ams  could  be  made  equal.  For  a given  setting 
of  Rl , the  bridge  could  be  balanced  by  means  of  R3, 

A 6 volt  battery  connected  across  the  bridge  provided  a 
steady  voltage,  Out-of -balance  current  was  indicated 

by  a Cambridge  spot  galvanometer  (450  ohms  resistance)  to 
which  was  c nnccted  a universal  shunt, 

4*  Experimental  Proc  dure 

(1)  Gauge  matching 

The  two  pirani  gauges  A and  B were  matched  as  follows. 
With  a negligible  pressure  (less  than  1<H»-  nan,  Hg.)  at 
the  detector  ani  with  Rl  at  its  maximum  value,  the  bridge 
was  balanced  by  means  of  R3*  The  needle  valve  on  the  high 
vacuum  side  was  opened  until  a steady  pressure  of  10  microns 
Kg,  (measured  by  Pirani  C)  was  obtained  at  the  detector. 

Tho  resultant  deflection  of  the  galvanometer  was  reduced 
by  adjustment  of  Rl,  The  apparatus  was  again  pumped  down 
t°"zcro"  pressure  when  it  was  found,  of  course,  that  tho 
bridge  was  no  longer  balanced  owing  to  the  change  in  Rl , 

An  approximate  balance  was  again  obtained  by  moons  of  R3, 

A pressure  of  10  nicrons  Hg,  was  again  sot  and  Rl  adjusted 
to  obtain  an  approximate  balance.  By  repeating  this 
procedure  of  successive  approximations  several  times,  the 
gauges  wero  finally  matched  so  that  the  pressure  rise  of 
10  microns  Hg,  resulted  in  a 1 cm,  deflection  on  the  galvano- 
meter (without  shunt).  This  was  the  best  that  could  be 
achieved, 

(2)  Pressure  fluctuations 


With  both  diffusion  pumps  in  operation  and  the  needle 
valve  adjusted  so  that  a pressure  of  15  microns  Hg#  was 
obtained  at  the  detector,  the  reading  of  the  galvanometer 
was  observed  at  5 second  intervals  over  a period  of  5 minutes. 
The  results  are  plotted  in  Figure  4 (lower  curve). 


-2- 


By  measuring  the  voltage  across  it  and  the  current 
through  it,  tho  resistance  of  Pirani  A was  found  to  be 
148  ohms.  It  was  then  r_pl  ;Cnd  by  a 1 50  ohms  fixod 
resistance  tuic1  pressure  fluctuations  were  observod  as 
before.  Thcs  aro  also  plotted  in  Figure  4,  (upper  curve). 
Still  itl.  only  on  Pi'  i gauge  in  tho  circuit,  the 
golvanc  lotor  v^s  replaced  by  a mill  i; met.  r of  known 
internal  rosi^tcnco  end  th-  out-of-balanc  current  'or  a 
pressuro  rise  from  zero  to  ' 5 miorons  tig*  was  observed. 

Knowing  tho  resistances  of  the  aims  of  the  bridge  it  was 
then  possible  to  calculate  the  sensitivity  of  the  galvano- 
meter in  terrs  f pressure*  (The  method  used  is  describee 
in  Reference  4)* 

It  was  fou  1 th-*t,  v th  a single  gauge  in  circuit,  a 
1 0*“5nn,  Hg.  pressure  change  reduced  a galvan  noter  deflection 
of  0,6  c.ss« 

( 3)  Sensitivity  of  leak  detector 

2 pr  limnniy  xpcriment  was  corrie*d  out  to  correlate 
leakage  rcte  through  the  noeUc  valve  with  resultant  pressure 
rise  on  the  hign  vacuum  side  and  n the  backing  aide  of  tho 
03B  diffusi  n punp,  a three-way  tap  was  scu  lec.  to  the 
needle  valve.  One  'nlct  of  the  tap  was  op~n  to  the  atiros- 
phere  vhile  the  otic*-  /as  joined  to  a 1 c,e,  bur  tte  mounted 
vorti-ioll/,  with  its  l v/er  end  dipping  ‘nto  a berkor  of 
tetra  n (totra-hjdron  phthaleno).  With  tie  tap  open  to 
atmosphere  a su'tobl.  leak  v/as  3et  by  means  of  the  needle 
valve  nnu  \/hen  conditions  were  steady  the  p.essure  rise 
cause!  by  hr  lepk  on  he  high  vacuum  site  cf  the  03B  pump 
was  measured  by  .leans  of  on  ionisation  gauge  and  on  the 
backing  s „e  by  -leans  of  Pirani  C,  Th  * thnee-woy  tap  v/as 
then  tume  so  that  the  burette  ’ctrounicated  with  the 
vacuum  system,  and.  the  time  required  for  1 c. c,  of  air  to 
be  displac  d by  the  rising  colum  of  tctralm  wa3  measured. 
This  enabled  the  leak  -tte  (in  lusecs)  0 be  calculated, 

Freni  the  results  two  cur/c3  were  drawn,  one  (Figure  5)  of 
leak  rote  egoinst  high  vacuum  side  pressure  rise  and  the 
other  (Figure  6)  of  backing  side  pressure  rise  against  high 
vacuum  side  pressure  rise. 

The  three-way  tap  w 3 n w re-oved  from  the  apparatus. 

The  nee  He  valve  was  adjusted  to  give  a suitable  rise  in 
the  roe  ling  of  the  ion  gauge.  From  Figur’s  5 and  6 it  was 
then  possible  to  read  off  the  corresponding  leak  rate  and 
backing  side  pressure  rise.  The  reading  of  the  galvanometer 
in  th-*  differ  ntial  Pirani  bridge  circuit  was  noted,  A 
rubber  tube  leading  from  a carbon  dioxide  cylinder  was  then 
connected  t the  needle  val  e so  th  t the  inlooking  air  v/as 
replaced  by  C02»  The  change  in  go  vanometer  deflection  v/as 
observed.  By  repeating  th:s  process  ■‘‘or  various  leak  rate3 
and  plotting  the  results  it  v/as  possible  to  determine  the 
min iii on  detectable  values  f leak  rate,  high  vacuum  side 
pressure  chan  c and  pressure  change  at  the  leak  detector  on 
the  backing  ide. 

5 Results 

(1  Pressure  fluctuations 


The  results  plotted  in  Figure  4 show  that  at  an  average 
pressure  01  15  microns  Hg,  the  <aximum  pressure  fluctuation 
regist-eroc  by  the  galvanometer  in  any  period  of  one  minute  - 
is  3,4  x 1 CT-ton,  Kg*  with  a single  Pirani  gauge  and  5,0  x 10”° 
mi*  Hg.  with  the  differential  arrangement.  This  implies 
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■that  tho  use  of  tho  differential-  look  deteotor  results 
in  a 7 - fold  reduction  in  "noise  level*  ao  that  tho 
minuraum  detootoble  pressure  change  will  be  7 times  Iobs 
than  with  a singlo  gauge,  at  this  average  pressure. 

The  advantage  of  tho  differential  method  over  tho 
singlo  Pirani  gauge  look  dotoctor  boooraos  leas  apparent 
os  the  moan  pressure  is  reduood,  since  tho  fluctuations 
will  reach  a limit  which  is  irqposed  by  inherent  instabilities 
(mechanical,  thermal  and  olootrioal)  in  the  gaugos  themselves 
and  in  their  oontrol  cirouits.  However,  a deteotor  located 
on  tho  backing  side  of  a diffusion  pump  work a well  abovo 
this  limiting  region, 

(2)  Minimum  dotootablo  pressure  ohongo 

In  the  region  of  tho  optimum  working  pressure  of  the 
look  detector  the  background  pressure  fluctuations  are  of 
the  order  of  5 x lO-^nin.  Hg,  It  is  fairly  aafo  to  soy, 
therefore,  that  a gal vancaetor  deflection  corresponding 
to  an  air  pressure  rise  of  10-5,^  (twice  the  noise 
level)  can  be  detected  with  certainty*  This  corresponds 
tc  a pressure  rise  of  about  3 x 10~^ra,  Hg»  on  the  high 
vacuum  side  of  tho  apparatus  and  to  a leak  of  about  9 x 10*+ 
lusecs  cr  0,09  duseos,  It  is  pointed  out  elsewhere 
(Reference  3)  that  the  minimum  leak  detectable  in  any 
apparatus  depends  cn  the  volume  of  the  apparatus  and  the 
speed  of  the  pumps.  The  above  figure  of  0,09  dusecs  is 
therefore  peediar  to  the  apparatus  used  here,  where  optimum 
leak  hunting  conditions  were  employed,  Tho  important 
property  of  the  differential  Pirani  gauge  leak  detector  is 
that  at  a working  pressure  of  15  microns  Hg,  it  eon  detect 
an  air  pressure  change  of  10-5^  gg,  (This  agrees  fairly 
well  with  Blears*  value  of  5 X 10-ojrm.  Hg,  at  a working 
pressure  of  10  microns  Hg, , quoted  in  Table  X,  Reference  3), 

6.  Condusions 


The  7-fold  reduction  in  background  pressure  fluctuations 
which  results  fren  the  use  of  a differential  Pirani  gauge  leak 
deteotor  instead  of  a single  gauge  at  a working  pressuro  of  15 
microns  Hg*  means  that,  under  similar  conditions,  the  minimum 
leak  detectable  by  the  differentid  method  is  7 times  smaller 
than  with  a single  gauge. 

Since  the  detector  works  in  the  10  nioron  pressure  region 
it  can  be  locate  1 on  the  backing  side  of  the  main  diffusion  pump 
where  the  pressuro  change  due  to  a given  leak  is  many  times 
greater  ( usually  not  less  than  twenty,  depending  on  the  apparatus) 
than  on  the  high  vacuum  side, 
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FIG  I 


FK5I.  DIFFERENTIAL  PIRANl  GAUGE  LEAK  DETECTOR 


P8C.*.  PRESSURE  FLUCTUATIONS. 


HIQM  VACUUM  SIDE  PRESSURE  CHANNEL  (MICRONS  HQ) 


ir)  i!,>  illation  ( V mre 

Knowledge  /vnvfvv 

{dStl]  htrtnil  Down 

Si/!i.\Kury 

Hil/s 

SI1/  i U(J 

22060-62 1 S 

Tel:  OtosO-  6 12 

V i">l‘irSn~6i2'S  "0 


Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
U.S.A. 


AD#:  AD0002008 

Date  of  Search:  8 Jun  2009 

Record  Summary:  AB  15/1270 

Title:  Experiments  with  a differential  Pirani  gauge  leak  detector 

Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI  Act:  30  years 
Former  reference  (Department)  AERE  G/R477 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 


This  document  may  be  treated  as  UNLIMITED. 


